We describe the in situ production of a burn wound dressing applied to eschar that completely isolates burned tissue from contamination with Pseudomonas aeruginosa. Anesthetized, adult rats were subjected to a scald burn over 10% of their body surfaces. One-half hour later a test dressing presumed to be a barrier to bacterial contamination of the wound was applied to the burned surface. Tannic acid, vaseline, ethyl linoleate, collodion, and polyhydroxethylmethacrylate (PHEMA) were evaluated. Each agent was applied directly to the burned surface. A solid film of the PHEMA was produced on the eschar by addition of solvent and a powdered form of the polymer. The surface of each synthetic dressing was contaminated 30 min after application by the addition of 108 P. aeruginosa. Also, a control set of rats was burned and their eschars were directly contaminated without application of the test dressing. Seven days later the contaminated muscle under the burned area in 10 control rats had P. aeruginosa counts of 107 to 108 per g of muscle (wet weight). Of the materials tested, only PHEMA consistently acted as an effective barrier dressing, reducing bacteria in the muscle to undetectable levels in 11 of 14 tests. It was also possible to treat contaminated eschar through this synthetic dressing by topical application of antibiotics to the barrier surface. The results suggest a novel clinical approach in which a barrier dressing could be used to isolate a burn eschar from environmental and subject contamination until the wound site is ready for grafting.
In the course of evaluating the effects of natural and synthetic dressings on burn wounds in rats contaminated with Pseudomonas aeruginosa (2), a procedure was devised to form a synthetic dressing on the wound after removal of the burned skin. The present report extends this work to show that a film of this synthetic dressing, polyhydroxethylmethacrylate (PHEMA), can be produced directly on the burn eschar so that a barrier is formed that protects the burned tissue from deliberate contamination with P. aeruginosa. This approach can be viewed as an extension of the reverse isolation procedure in which a patient is maintained within a chamber designed to admit only sterile material. The application of the barrier dressing to the burned area isolates the injured area so that a bacterial contaminant, whether from the injured subject or the environment, cannot enter the burn wound (P. Nathan,. I Quantitation of wound bacteria. Four to 7 days after contamination of the wound or dressing, the eschar was removed, the underlying panniculus muscle was removed, weighed, and homogenized, and the bacteria were quantitated (3).
RESULTS
The results with the model system and time relationships reported in Table 1 a At day 0 the rats were scalded, a dressing was applied, and then the burn area was inoculated with P. aeruginosa. The bacterial colonization of the burned area was measured at day 7.
b Less than 102 P. aeruginosa per g of muscle.
INFECT. IMMUN. Table 4 was investigated to show the feasibility of treating such a contaminated wound through the barrier dressing. The scald burns were contaminated and (i) left untreated, (ii) covered with a PHEMA barrier, (iii) treated with Sulfamylon or Silvadene directly on the eschar, or (iv) covered with the barrier dressing and treated with Sulfamylon or Silvadene by application of the antibiotics to the surface of the PHEMA. Bacteria were counted on day 4 after burn and contamination. The untreated eschar in nine rats had 105 to 10" P. aeruginosa per g of muscle. Application of the PHEMA barrier produced a similar level of contamination in 6 to 10 rats, but in four rats the contamination was in part controlled by the PHEMA alone. When Sulfamylon was applied to the eschar on days 1, 2, and 3 after contamination, the bacterial level was reduced in three of four test rats. Sulfamylon applied to the PHEMA barrier in four rats was also effective in reducing the bacteria in the wound. Silvadene applied to the eschar in three rats reduced bacterial counts in two of three tests. Similarly, in four of six rats treated with Silvadene applications to the surface of the PHEMA barrier, the bacteria in the wound were well controlled. DISCUSSION Isolation of burned individuals or other patients readily subject to infection has been achieved by using elaborate chambers that separate the subject from the environment. Continual maintenance of this isolation, nursing care in the isolator, and the well-being of the patient all present substantial difficulties (1) so that complete reverse isolation is not widely used. In any event, the patient's own bacteria remain a threat because the burn wounds may be infected by them. All of these disadvantages can be overcome by a successful barrier dressing.
The present study in rats shows PHEMA film to be an effective barrier to contamination compared with other test materials. Tannic acid, vaseline, ethyl linoleate, and collodion were generally without effect in scald burns or showed limited use in flame burns. In practice the use of tannic acid is restricted because of suspected toxicity to the liver (4). The only other agent evaluated with a possible advantage as a barrier is collodion, and we found it to produce severe distortion of the burn wound.
The barrier produced by PHEMA prevented contamination, even when rechallenged 3 to 4 days after its formation. In those few instances where the barrier was penetrated by bacteria, it seems reasonable that the physical defects in the dressing were produced by the rat's activity.
When the PHEMA barrier is applied to a deliberately contaminated wound, it is possible to treat the infection by applying topical antibiotics to the wound surface through the dressings. Sulfamylon and Silvadene readily penetrate the barrier and reduce contamination.
In vitro tests have been performed in which PHEMA sheets are placed on plates containing bacterial cultures. Addition of specific antibiotics to the surface of the PHEMA readily controls the bacteria under the synthetic sheet, demonstrating that PHEMA is readily permea- Vigorous washing of the film, e.g., by whirlpool treatment, must be avoided because the material tends to dry and lift from the wound edges.
In conclusion, isolation of the burn wound from subject and environmental contamination appears feasible when a synthetic barrier is produced on the burn eschar. Some of the bacteria resident in the wound before the application of the barrier may be treated through the barrier by topical application of antibiotics to the dressings. The barrier and eschar can be removed at a selected time and grafts applied, or as noted in previous studies, when the eschar has been removed the synthetic dressings can be directly applied to the granulation tissue protecting this surface until final grafting can be achieved.
